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AERODYNAMIC CHARACTERISTICS OF RECTANGULAR PLATES IN HYPERSONIC 
FLOW OF A RAREFIED GAS 

M. D.  Ladyzhenskiy and A. V. Lipin 

The a r t i c l e  discusses the experimental invest igat ions 
of the aerodynamic charac te r i s t ics  of rectangular p l a t e s  of 
equal area s ,  various aspect r a t i o s  X and thickness d ,  a t  a 
Mach number of the unperturbed flow M=5.15, Reynolds number 

%2*10 , and angles of a t tack  cx varying from 0 t o  40' f o r  
the purpose of determining the optimum shape of wings i n  a 
viscous hypersonic flow. The aspect r a t i o  h of the p l a t e s  
was varied i n  the range from 0.1 t o  9 and t h e i r  r e l a t i v e  
thickness 6=d/Js i n  t h e  range from 0.025-0.16. 
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It was establ ished t h a t  f o r  f ixed values of the area and of the thickness 
of a rectangular p la te  the var ia t ion  i n  i t s  maximum aerodynamic property %(A) 

i n  the invest igated range of angles of a t tack has a maximum value when h var ies  
from 0.4 t o  0.8. 

1. L e t  us consider the flow around t h i n  rectangular w i n g s  of f ixed area 
with d i f f e r e n t  aspect r a t i o ,  assuming t h a t  the surface temperature of the  wing 
i s  much l e s s  than the stagnation temperature i n  the  incident  flow which i s  
c h a r a c t e r i s t i c  of hypersonic f l i g h t s  i n  the atmosphere. It i s  always possible 
t o  f ind  such values of the wing's aspect r a t i o  X<<1 and D>1 f o r  which a f r e e  
molecular s t a t e  of flow around the wing i s  real ized.  Assuming t h a t  the re f lec-  
t i o n  of molecules from the surface o f  the body i s  completely of a d i f fus ion  na- 
t u r e ,  we f ind  t h a t  i n  the  considered l imi t ing  cases X<<l and A P - 1  a t  M- the  
value of I(m i s  a r b i t r a r i l y  small. 

If t h e  c h a r a c t e r i s t i c  area of the  wing s i s  such t h a t  the Knudsen number 
K=L/Js<<l (L i s  the mean f r e e  path of the molecules i n  the unperturbed flow), 
then when the aspect r a t i o  i s  of the order of uni ty ,  the flow around the wing 
w i l l  be governed by the laws of a continuous medium. 
Km#O. 

::her, t h e  acpzc t  r s t i c  nf t h e  wipg  lip f r o m  X<<l t o  X S - 1 ;  whereas i n  the region 
Of l a r g e  Reynolds numbers, Km increases with X. The boundaries f o r  which the  

I n  t h i s  case, as we know, 
Thus i n  a viscous hypersonic flow we can expect a maximum value of 

flow i s  c l o s e  t o  a f r e e  molecular flow approach each other  as K increases .  

2. I n  order  t o  v e r i f y  t h i s  f a c t  experimentally and t o  determine the op- f143 
timum values of X, the aerodynamic c h a r a c t e r i s t i c s  of models were invest igated 

i n  a vacuum wind tunnel a t  Mach numbers M=5.15 and Reynolds numbers R1=2.3*10 2 , 
~- 

* 
Numbers given i n  margin indicate  pagination i n  o r i g i n a l  foreign tex t .  
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computed from the parameters of the perturbed flow and from the c h a r a c t e r i s t i c  
length l J s .  The models consisted of rectangular p l a t e s  of equal area s, d i f -  
f e r e n t  aspect r a t i o  b O . 1 - 9  and r e l a t i v e  thickness 6=O.O25-0.16. The a i r  tem- 
perature i n  the  i n j e c t o r  chamber w a s  equal t o  To =293'K. 

I n  the course of the experiment the normal and tangent ia l  components of 
aerodynamic forces  act ing on the model were measured while the  angle of a t tack  
a was varied from 0 t o  40'. 

Figures 1 and 2 show a comparison of experimental re la t ionships  C x ( a )  and 

C y ( a )  ( so l id  curves) with the r e s u l t s  of calculat ions carr ied out by means of 

the theory of f r e e  molecular flow f o r  the case of t o t a l  diff 'usion r e f l e c t i o n  
(ref. 1) (broken curves), f o r  2 models with d i f f e r e n t  X and the same r e l a t i v e  
thickness S=O.O29. 
the l i f t  coef f ic ien ts  Cy a re  i n  b e t t e r  agreement with experimental values than 

It should be pointed out t h a t  the t h e o r e t i c a l  values of 

I the  values of the drag coef f ic ien ts  C,. 

Figure 3 presents the var ia t ion  i n  the coef f ic ien t  of the normal force CN 

as a funct ion of the quant i ty  ~ = m / J s x ,  x = M 3 / h b ,  c=+l/x+l f o r  a s e r i e s  of 

models of the  same thickness 6=O.O29, d i f f e r e n t  values of X (9.189,50.112) and with 
-10 and 20'. Here Rb i s  the Reynolds number determined from the parameters of 

I the  unperturbed flow and from the charac te r i s t ic  length equal t o  the wing chord 

Figure 1. 
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Figure 2. 



? 

X decrease the drag coef f ic ien t  Cxo decreases 
, 

As h decreases there i s  a decrease i n  (dC /da) which, apparently, can 
I 

Y -0’ 

be explained by the increased e f f e c t  of transverse gradients  when going over t o  
wings of small aspect r a t i o s  and by the decreased e f f e c t  of the i n t e r a c t i o n  of 
the boundary l a y e r  with the nonviscose flow. 

The r e s u l t s  are summarized i n  f igure k-which shows the functions Km(X) and 

i s  reached) for two va l -  am(h)  (s i s  the  angle of a t tack a t  which the value 

ues of r e l a t i v e  p la te  thickness 6=O.O29 and 0.084. 
t h a t  i n  a viscous hypersonic flow the value of Km f o r  a rectangular  p l a t e  of 

It follows from t h i s  graph 

f ixed area and thickness,  i .e . ,  of f ixed volume, has a maximum when h i s  varied.  
I n  the considered range of 6 (O.O25<6S 
0.16) t h i s  maximum i s  achieved i n  the  
range when h var ies  from 0.4 t o  0.8, and 
%=1 when 6=O.O29 while ~ ~ 0 . 8 5  when 6= 

c.c%. 

It i s  na tura l  t h a t  as 6 decrease 
the values of for  p l a t e s  of small 

aspect r a t i o s  (~r0.1) increase ins igni f -  
i c a n t l y  while f o r  p l a t e s  of la rge  aspect 
r a t i o s  (A-10) the values of  Km increase 
t o  a l a r g e r  extent .  

Figure 4. 
From the standpoint of the theory 

it i s  i n t e r e s t i n g  t o  consider whether 
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Figure 5. 

' there i s  a maximum i n  the function %(A)  i n  the 

case when the p l a t e  i s  i n f i n i t e l y  t h i n .  An answer 
t o  t h i s  question i s  given by the analysis  of the  
var ia t ion  i n  K, as a funct ion of 6 ( f i g .  5 )  f o r  

models with aspect r a t i o s  X=O.l, 0.44 and 9. Ex- 
t rapolat ing these functions t o  the  value 6=0, we 
can maintain 

e x i s t s  f o r  an i n f i n i t e l y  t h i n  p l a t e .  
sented i n  figure 5 makes it possible t o  determine am, corresponding t o  the value 6=0. 

t h a t  the maximum value of %(A)  a l s o  

The data pre- 

It should be pointed out ( f ig .  4), t h a t  the 
angle of a t tack a,, f o r  which the maximum value of 

K, i s  achieved, decreases as X decreases f o r  wings with a fixed value of 6, 

A s  a r e s u l t  of this there  will be a decrease i n  the heating of the p la te .  

Thus, from the  standpoint of l i f t  propert ies ,  wings w i t h s m a l l  aspect 
r a t i o s  (Sl) i n  a viscous hypersonic f l o w  a re  advantageous compared with wings 
o f  la rge  aspect r a t i o s  (Pl), which i s  contrary t o  what happens a t  high Rey- 
nolds numbers. 
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